Objectives: Genome-wide association studies in patients with endometriosis revealed ten significant single nucleotide polymorphisms (SNPs) in the Caucasian population, which include rs12700667 near NFE2L3, rs12037376 in WNT4, rs7521902 near WNT4, rs13394619 in GREB1, rs10859871 near VEZT, rs1537377 near CDKN2B-AS1, rs4141819 near ETAA1, rs7739264 near ID4, rs1519761 near RND3 and rs6542095 near IL1A.
INTRODUCTION
Endometriosis is a complex gynaecological health problem in women, which is characterized by the aberrant presence of endometrial cells outside the uterus [1] . This benign disease is usually limited to the pelvis and is characterized by peritoneal inflammation, neovascularization, fibrosis, and ovarian cysts [1] . The morbidity for endometriosis ranges from 5-10% and is accompanied by subfertility in women at reproductive age [2, 3] . Despite the extensive conducted studies, the aetiology of endometriosis is still unclear. The presence of endometrial tissue and cells in the peritoneal cavity has been explained by the standard theory of retrograde menstruation along the fallopian tubes [4] . Although retrograde menstruation is observed in 90% of women, merely 10-20% of women suffer from endometriosis, which suggests the involvement of different genetic and environmental components in etiopathogenesis [5, 6] . Recently, the genetic and epigenetic background of endometriosis has been demonstrated [5] . The aetiology of endometriosis may be related to genetic factors, which increases oestrogen activity, the production of prostaglandins, cytokines, and metalloproteinases, as well as enhances of oncogenic pathways [5] . To date, five genome-wide association studies (GWAS) have been conducted on four independent groups, encompassing women with endometriosis [7] [8] [9] [10] [11] [12] [13] . These GWAS analyses have revealed ten genome-wide significant loci in Caucasians, presented in Table 1 [7] [8] [9] [10] [11] [12] [13] . Despite finding several genome-wide significant loci linked to endometriosis, there is still a need for confirmation in different populations.
We aimed to assess the rs12700667, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs4141819, rs7739264, rs1519761 and rs6542095 SNPs genome-wide significant loci (Tab. 1) as possible infertility risk in Polish women with endometriosis.
MATERIAL AND METHODS

A case-control study
A case-control study design was used in 315 patients with endometriosis and 406 matched controls (Tab. 2). Peripheral blood samples were randomly obtained between November 2014 and December 2017 from infertile women with endometriosis and control women of similar ages from the Gynaecologic and Obstetrical University Hospital, Division of Reproduction at Poznan University of Medical Sciences, Poland (Tab. 1). After informed consent was obtained, approximately 7 mL venous blood was drawn and collected into the Vacutainer System with EDTA (Sarstedt, Germany) and stored at -20°C until DNA isolation was performed.
The patients with infertility and endometriosis underwent laparoscopy and had a histologically confirmed diagnosis at the Gynaecologic and Obstetrical University Hospital, Division of Reproduction at Poznan University of Medical Sciences, Poland. Patients with endometriosis were divided into two subgroups according to the revised American Society for Reproductive Medicine (rASRM) classification system [14] ; n = 142 patients had minimal or mild endometriosis (stages I-II), n = 166 had moderate or severe endometriosis (stages III-IV), and n = 7 patients had an undefined stage of endometriosis (Tab. 2). The control group was comprised of healthy women (n = 406), without history of infertility, who had a caesarean section performed (Tab. 2).
The inclusion and exclusion criteria for the infertile women with endometriosis and the women without disease were previously described [15] . The inclusion criteria for infertile women diagnosed with endometriosis were as follows: regular menses, no anatomical changes in the reproductive tract, no hormonal treatments, and a minimum of one year of infertility with a current desire for conception. The exclusion criteria were as follows: mechanical distortion of the endometrial cavity by fibroids, bilateral tubal occlusion, male factor infertility, adenomyosis, polycystic ovary syndrome (PCOS) and benign or malignant gynaecological diseases. The inclusion criteria for fertile control women were as follows: performed caesarean section, regular menses, no anatomical changes in the reproductive tract, no hormonal treatments, and at least one child born no more than one year before the study (Tab. 2). The exclusion criteria were as follows: signs of past or present inflammation, pelvic abnormalities, endometriosis, adenomyosis, PCOS or any other benign or malignant gynaecological diseases, which was confirmed during surgical exploration. Both patients with endometriosis and healthy controls were all Caucasians of Polish ancestry (Tab. 2).
Ethical approval
All procedures performed in this study which involved human participants were in accordance with the ethical standards of the ethics committee of Poznan University of Medical Sciences and with the 1964 Helsinki declaration and its ethical standards. Informed consent was obtained from all individual participants included in the study. Genotyping of rs12700667, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs4141819, rs7739264, rs1519761 and rs6542095 SNPs
Genomic DNA was isolated from peripheral blood leukocytes by salt extraction. The SNPs evaluated in this study were selected based on GWAS and meta-analyses studies [8, 9, [11] [12] [13] . Genotyping of rs12700667, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs4141819, rs7739264, and rs1519761 variants was carried out by high resolution melting curve analysis (HRM) on the LightCycler 96 system (Roche Diagnostics, Mannheim, Germany) with the use of 5x HOT FIREPol EvaGreen HRM Mix (Solis BioDyne, Tartu, Estonia). The PCR programme consisted of an initial step at 95°C for 15 minutes to activate HOT FIREPol DNA polymerase, followed by 50 amplification cycles of denaturation at 95°C for 10 seconds, primer-dependent annealing (Tab. 3) for 10 seconds, and elongation at 72°C for 15 seconds. Amplified DNA fragments were then subjected to HRM with 0.1°C increments in temperatures ranging from 65 to 95°C (Tab. 3). The final concentrations of reagents in HRM reactions were as follows: 1x HOT FIREPol EvaGreen HRM Mix, 0.2 pmol/µL of each primer and 2 ng/µL DNA template. The HRM reactions were performed in a 10 μL volume. Genotyping of rs6542095 was carried out on the LightCycler 480 system (Roche Diagnostics, Mannheim, Germany) using pre-designed TaqMan SNP, according to the manufacturer's instructions provided by Applied Biosystems (Applied Biosystems, Foster City, CA, USA) (Tab. 3).
Data analysis
Hardy-Weinberg equilibrium (HWE) was assessed by Pearson's goodness-of-fit Chi-square (χ 2 ) statistic. The SNPs were studied for associations with endometriosis using the Cochran-Armitage trend test. Differences in the risk allele frequencies (RAF) between the cases and controls were calculated using χ 2 analysis. The odds ratio (OR) and 95% confidence intervals (95% CI) were also calculated. The statistical analyses were conducted with Statistica version 10 (2011, Stat Soft, Inc., Tulsa, USA).
RESULTS
The comparison of rs12700667, rs12037376, rs7521902, rs13394619 rs10859871, rs1537377, rs4141819, rs7739264, rs1519761 and rs6542095 genotypes and allele frequencies between all infertile women with endometriosis and fertile healthy women
There was no divergence from the HWE in the frequency of genotypes between all infertile women with endometriosis and the fertile women groups (Tab. 4). The prevalence of the genotype and allele frequencies, OR and 95% CI calculated for the ten SNPs are presented in Table 4 . The statistical significance of the p values of the Cochran-Armitage trend test (p trend = 0.038) was found for the rs12700667 SNP and the OR for RAF was 1.304 (95% CI = 1.009-1.685; p = 0.042). However, none of the SNPs, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs4141819, rs7739264, rs1519761 or rs6542095 displayed a significant association with all infertile women with endometriosis in the additive inheritance model (Tab. 4).
The comparison of rs12700667, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs4141819, rs7739264, rs1519761 and rs6542095 genotypes and allele frequencies between infertile women with endometriosis in stages III and IV and fertile healthy women
We found divergence from the HWE in the frequency of genotypes in the subgroup with endometriosis with severity stage I/II for rs1519761 but no divergence was observed from the HWE for other subgroups of women with ; p = 0.029). However, we did not find any association between rs12700667 and rs4141819 SNPs in women with endometriosis severity stages I/II. Moreover, rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs7739264, rs1519761 and rs6542095 failed to display a significant association with infertile women with endometriosis in stages I/II and III/IV in additive inheritance models (Tab. 4).
DISCUSSION
Large twin studies revealed approximately 50% heritability of endometriosis [16] . Numerous investigations on various candidate genes have been carried out to study the genetic background of endometriosis; however, some studies did not replicate these results [16, 17] . Previous efforts to study the genetic background of endometriosis suggest that it is a highly complex field [5, 16, 17] .
Previous replication studies and meta-analysis studies conducted on GWAS in European ancestry cohorts found ten genome-wide significant single nucleotide polymorphisms (SNPs) associated with advanced endometriosis in Caucasians [7] [8] [9] [10] [11] [12] [13] 18] . These include rs12700667 on 7p15.2 near NFE2L3 (erythroid-derived 2-like 3), rs12037376 in WNT4 (wingless-type MMTV integration site family, member 4), rs7521902 on 1p36.12 near WNT4, rs13394619 on 2p25.1 in GREB1 (growth regulation by oestrogen in breast cancer 1), rs10859871 on 12q22 near VEZT (vezatin, adherens junctions transmembrane protein), [7] [8] [9] [10] [11] [12] [13] 18] . In our study we found association of the rs12700667 polymorphism with infertility in Polish women with advanced endometriosis. The GWAS study conducted by Painter et al. 2011 demonstrated rs12700667 SNP association with advanced endometriosis in Australia and the UK cohort and was replicated in independent cohort from the United States [10] . The rs12700667 SNP is located ~290.2 kb upstream of the nuclear factor NFE2L3. Recently, in a Chinese population, it was reported that rs12700667 significantly increased the risk of ovarian endometriosis [19] .
We also found contribution of the rs4141819 polymorphism to infertility in Polish women with advanced endometriosis. The GWAS study carried out by Nyholt et al. 2012 revealed in European and Japanese ancestry rs4141819 SNP as risk factor for advanced endometriosis [9] . The rs4141819 SNP is situated ~227.0 kb downstream of the ETAA1 gene that encodes a tumour-specific cell surface antigen in the Ewing family of tumours [20] . The rs4141819 SNP is also located in the intronic region of a long non-coding RNA (lncRNA), AC007422.1, which has an unknown biological function. The association of rs12700667 and rs4141819 SNPs should be repeated in other independent Polish cohorts to assess the possible diagnostic value of these polymorphism in the development of infertility in Polish women with endometriosis.
However, we did not observe an association between rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs7739264, rs1519761 and rs6542095 SNPs with infertility in Polish women with advanced endometriosis.
The GWAS study conducted in endometriotic women with European ancestry found association with the intrononic rs12037376 SNP of WNT4 and rs7521902 SNP situated ~21.3 kb downstream of WNT4 [8, 9] . WNT4 is considered to be associated with the development of the female genital tract and steroidogenesis [21] .
Both rs13394619 and rs10859871 are endometriosis susceptible SNPs, that have been identified by GWAS meta-analysis in Japanese and European populations [9] . The rs13394619 SNP is situated in the intron region between exon 9 and exon 10 in the GREB1 gene, which is involved in hormone-dependent breast cancer cell growth [22] . Elevated expression of GREB1 has been suggested to be involved in oestrogen-dependent growth in peritoneal endometriosis [23] . The rs10859871 SNP is located ~15.3 kb downstream of the VEZT gene, which is a putative tumour suppressor gene encoding an adherens junction transmembrane protein [24] . The rs10859871 SNP was replicated in Italian Caucasian women with endometriosis [25] . Recently, Holdsworth-Carson et al. (2016) reported the association of the rs10859871 SNP with increased VEZT expression in the secretory phase of the menstrual cycle in endometrial glands of women with endometriosis [26] .
In the Nyholt et al., (2012) study of European ancestry they found an association of rs1537377 and rs7739264 SNPs with endometriosis, excluding cases with minimal or unknown severity [9] . The rs1537377 SNP is located ~48 kb upstream of the CDKN2B-AS1 gene. This gene, which is at the 9p21.3. locus, was first demonstrated in GWAS of endometriosis in a Japanese population [11] . CDKN2B-AS1 regulates CDKN2A, CDKN2B and ARF expression, which are known as tumour suppressor genes [27] [28] [29] . CDKN2A inactivation has been observed in endometriosis and endometrial cancer via loss of heterozygosity and promoter hypermethylation [30, 31] . The rs7739264 SNP is situated ~52.0 kb upstream of the ID4 gene and in the intronic region of lncRNA, RP1--167F1.2, with unknown function. Changes in ID4 expression is involved in ovarian and breast carcinogenesis [32, 33] .
The GWAS study carried out by Albertsen et al. (2013) has identified rs1519761 SNP to be associated with endometriosis in a European cohort [8] . The rs1519761 is located in the intergenic region ~289 kb downstream of the RND3 gene (OMIM *602924).
The study on a population of European ancestry revealed an association of rs6542095 SNP with a genome-wide significance in patients with moderate--to-severe endometriosis [13] . The rs6542095 SNP is situated ~2.3 kb downstream of the IL1A gene. This SNP may regulate the expression of other genes, which could support the evidence for a relationship between the pathogenesis of endometriosis and inflammatory responses [34] .
CONCLUSIONS
In our studies we replicated the rs12700667 and rs4141819 association of RAF with infertility in Polish women with advanced endometriosis. However, we did not replicate rs12037376, rs7521902, rs13394619, rs10859871, rs1537377, rs7739264, rs1519761 and rs6542095 SNPs in infertile women, neither with all stages of endometriosis nor advanced endometriosis. The frequency of genetic polymorphisms varies according to ethnic groups, which may have effect on the sample size to get statistical power of study. Our study attributes the small population and lack of sufficient power for replication. Therefore, this study should be replicated in other independent cohorts.
